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Summary

The introduction of dual viral inactivation of clotting factor
concentrates has practically eliminated infections by viruses
associated with significant pathogenicity over the last
20 years. Despite this, theoretical concerns about transmis-
sion of infection have remained, as it is known that currently
available viral inactivation methods are unable to eliminate
parvovirus B19 or prions from these products. Recently,
concern has been raised following the identification of the
new parvoviruses, human parvovirus 4 (PARV4) and new
genotypes of parvovirus B19, in blood products. Parvoviruses
do not cause chronic pathogenicity similar to human immu-
nodeficiency virus or hepatitis C virus, but nevertheless may
cause clinical manifestations, especially in immunosuppressed
patients. Manufacturers should institute measures, such as
minipool polymerase chain reaction testing, to ensure that
their products contain no known viruses. So far, human
bocavirus, another new genus of parvovirus, has not been
detected in fractionated blood products, and unless their
presence can be demonstrated, routine testing during manu-
facture is not essential. Continued surveillance of the patients
and of the safety of blood products remains an important
ongoing issue.
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Patients with inherited bleedings disorders, such as severe
haemophilia A, B, von Willebrand disease (VWD), as well as
other rare bleeding disorders suffer recurrent spontaneous
and traumatic bleeds and are treated with intravenous infu-
sions of the missing clotting factor, so-called replacement
therapy.

The treatment of bleeding disorders has developed enor-
mously from the use of fresh frozen plasma in the 1940s,
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cryoprecipitate in the 1960s, and clotting factor concentrates
since the early 1970s. Over the last 20 years recombinant
technology, aimed at avoidance of all animal- or human-
derived proteins during the manufacture or final formulation
of the coagulation factor concentrates, has been developed.
Until recently, the major drive in concentrate development
has been the reduction in infective risk. Today, the develop-
ment of allo-antibodies to factor VIII (FVIII) (inhibitors)
has taken over as the main problem in haemophilia
management.

Plasma-derived clotting factor concentrates are prepared
by fractionation of up to 30 000 pooled plasma units. Until
viral inactivation was introduced in 1985, viral infections
present in the donors could easily be transmitted to the reci-
pient. The result was that virtually all recipients of concen-
trates prior to 1985 were infected with hepatitis C virus
(HCV) and many were also infected with human immunode-
ficiency virus (HIV) and hepatitis B virus (HBV) (Makris
et al, 1996). The viral elimination processes are based on
destruction of the viruses with dry or wet heat treatment
(sometimes under pressure), chemical treatment with combi-
nation of solvent and detergent (S/D), and nanofiltration
(Mannucci & Tuddenham, 2001).

Viral elimination processes proved to be highly successful
in virtually abolishing the risk of infection with HBV, HCV
and HIV. However, in 1992, a number of outbreaks of hepa-
titis A transmission by concentrates were reported (Richard-
son & Evatt, 2000). This occurred due to the fact that
hepatitis A, which does not have a lipid envelope, was resis-
tant to the viral elimination by the S/D method used during
manufacture. Subsequently, new regulations require that all
plasma-derived clotting factor concentrates undergo two
different viral elimination procedures before release.

Despite the success of the currently used viral elimination
techniques, two infectious agent problems have remained,
parvovirus B19 (B19) and prion transmission. As B19 is rela-
tively resistant to all the currently available elimination meth-
ods, manufacturers introduced screening of mini-pools by
the polymerase chain reaction (PCR). Positive minipools are
not used in fractionation of blood products, but despite this,
recent evidence suggests that the risk of B19 transmission is
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real (Soucie et al, 2011). Variant Creutzfeld Jacob Disease
(vCJD), a prion disease, is the human form of the Bovine
Spongiform Encephalopathy (BSE) that appeared in the UK
cattle population in the 1980s. Transmission by blood prod-
ucts and clotting factor concentrates has been demonstrated
(Peden et al, 2010). Prions are highly resistant to all
currently used elimination techniques but because of geo-
graphical restriction of vCJD, some countries have chosen to
avoid using plasma collected in those countries, e.g., the UK
(Millar et al, 2010).

Further viral newcomers in this field include human par-
vovirus 4 (PARV4), which has been linked with intravenous
drug administration, both for therapeutic use, such as for
bleeding disorders, and recreational abuse. In recognition of
the difficulty of eliminating infective agents from clotting
factor concentrates, some countries (e.g., UK, Canada and
Ireland) decided to use exclusively recombinant clotting fac-
tors, when these became available. This can be envisioned as
protectionism in the countries where this kind of national
transitions have not been undertaken. The current plasma-
derived products have proven safe, at least so far.

Our objective here is to illustrate that, in association with
intravenous repetitive coagulation factor replacement thera-
pies — despite the current precautions — the risk of viral
transmittance cannot be completely excluded. The surveil-
lance of both old and new patients and concentrates remains
our continued task.

We live in a world where new disease entities and viral
epidemics continue to emerge in various locations and, with
the current air travel frequency, these diseases can spread
quite rapidly. The recently identified west Nile virus and
swine influenza are examples of suddenly emerging patho-
genic viruses that have a relatively strong penetrance and
cause local and even worldwide epidemics. Additionally, pri-
ons are an example of pathogens, which are very hard to
detect and the success of their elimination remains unclear
for many years, with potentially serious consequences.

Parvovirus taxonomy and basic features

The name parvovirus originates from the Latin word parvum,
which means small; parvoviruses are among the smallest
known viruses with a virion diameter of 18-26 nm. Parvovi-
ruses infect a wide range of vertebrates and insects causing
systemic infections. The family Parvoviridae is divided
into two sub-families: Parvovirinae and Densovirinae (http://
ictvonline.org/virusTaxonomy.asp?version=2009). Viruses
from the sub-family Parvovirinae infect vertebrate cells and
are divided further into five genera (Table I): Parvovirus,
Dependovirus, Erythrovirus, Bocavirus, and Amdovirus. Of
these, Erythrovirus, Dependovirus and Bocavirus genera contain
viruses infecting humans. In addition, a sixth genus, Partetra-
virus, containing human PARV4 and human PARV4-like
viruses, has been proposed. The sub-family of Densovirinae
contains viruses of invertebrates.
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Table I. The taxonomy of parvoviruses.

Subfamily Genus Example virus, abbreviation

Parvovirinae ~ Parvovirus Minute virus of Mice, MVM
Canine parvovirus, CPV
Dependovirus Adeno-assosiated virus AAV
Goose parvovirus
Erythrovirus Human parvovirus, B19
Simian parvovirus, SPV
Bocavirus Bovine parvovirus, BPV
Human bocaviruses 1-4, HBoV1-4
Amdovirus Aleutian mink disease virus, AMVD
Partetravirus Human partetravirus, PARV4
(proposed) Porcine hokovirus, PHoV/PPV3
Densovirinae ~ Densovirus Junonia coenia densovirus
Brevidensovirus ~ Aedes aegypti densovirus
Iteravirus Bombyx mori densovirus
Pefudensovirus ~ Periplanta fuliginosa densovirus
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Fig 1. Genome structure and protein encoding reading frames of
B19.

The structure of parvoviruses is simple; the icosahedral vir-
ion consists of only proteins and linear single-stranded-DNA
genome with hairpin structures at both ends. The hairpins are
palindromic and the 3’-end can fold and function as a primer
during viral replication (Fig 1). The length of the DNA gen-
ome is approximately 5-6 kb. In the parvovirus infection
cycle, the virus attaches to its receptor, e.g. globoside (P-anti-
gen) in case of human B19, on the surface of host cells (Brown
et al, 1993) and is transported into the cell by endocytosis.
Inside the host cell, the virion is transported to the nucleus
where parvovirus replication takes place. Parvoviruses do not
encode their own DNA-polymerase, indicating that all
parvoviruses are dependent on (i) host cell polymerase and
(ii) S-phase of dividing cells. In the case of dependoviruses,
co-infection with another virus is needed for efficient DNA
replication (Atchison et al, 1965).

General aspects and epidemiology of human
and porcine parvoviruses

Parvovirus B19

Human parvovirus B19 (B19) is the type species of the
Erythrovirus and representative member of parvoviruses.
B19 was discovered when a serum sample from an asymp-
tomatic blood donor gave a false-positive result in an
immunoelectrophoresis assay for HBV (Cossart et al, 1975).
The virus was detected in panel B and was coded 19, from
which its name originates. The most common transmission
route of B19 is respiratory, but it can also transmit via
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plasma-derived medical products and from mother to fetus.
B19 infections are prevalent worldwide, and seroprevalence
studies based on B19 IgG have shown that in Europe
60-80% of adults have been infected with this virus during
their lifetime (Mossong et al, 2008). In Asia the BI19
seroprevalence in blood donors was found to be 25-40%
(Kishore et al, 2010, Ke et al, 2011).

B19 DNA prevalence in blood donors has been reported
by a number of studies. The rates of positivity were 0-88% in
the USA (Kleinman et al, 2007), 0-2% in the Netherlands
(Koppelman et al, 2011) and 0-55-1-3% in the UK and
Africa (Candotti et al, 2004).

B19 is erythrotropic and replicates in erythroid progeni-
tor cells in human bone marrow. After short viraemia the
virus is eliminated from the blood circulation by neutraliz-
ing antibodies produced by the host. However, B19 geno-
mic DNA remains detectable in solid tissues of seropositive
individuals. Initially, B19 DNA was detected in the synovi-
um of patients with rheumatoid arthritis but, in 1997, the
viral DNA was also detected in 48% of synovia collected
from healthy controls (Saal et al, 1992; Soderlund et al,
1997). Later, B19 was shown to persist with full-length cod-
ing capacity in several tissue types of both symptomatic
and asymptomatic persons, most probably for a lifetime
(Soderlund-Venermo et al, 2002; Norja et al, 2006; Manning
et al, 2007).

B19 strains have been divided into three divergent geno-
types according to their genomic sequence. Genotype 1 is the
prototypic virus and is nowadays globally the most predomi-
nant circulating virus (Hubschen et al, 2009). The genotype
2 virus was first identified in human skin and in the serum
of an Italian HIV-positive patient with chronic anaemia
(Hokynar et al, 2002; Nguyen et al, 2002). Genotype 2 has
since been found in human solid tissues but only sporadi-
cally in blood and seems to have disappeared from wide
circulation after the 1970s (Blumel et al, 2005; Norja et al,
2006; Manning et al, 2007; Grabarczyk et al, 2011, Koppel-
man et al, 2011). The genotype 3 virus was found in France
in the serum and bone marrow of a child with transient
aplastic anaemia (Nguyen et al, 1999). Following its discov-
ery, genotype 3 has been reported to be endemic in Ghana
and Brazil (Candotti et al, 2004; Sanabani et al, 2006; Freitas
et al, 2008; Keller et al, 2009). Since identification of the
genotypes 2 and 3, many commercial and in-house PCR-
methods have been shown to detect these B19 genotypes with
lower sensitivity or fail to detect either or both of these
genotypes (Hokynar et al, 2004; Baylis, 2008).

Bocavirus

Human bocavirus 1 (HBoV1) was first identified in 2005 by
random molecular screening and large-scale sequencing.
HBoV1 was discovered in Sweden, in nasopharyngeal aspi-
rates of children with respiratory tract infections (Allander
et al, 2005). It belongs to the genus Bocavirus and its closest
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relatives are the bovine parvovirus (BPV) and the minute
virus of canines (MVC). The receptors and target cells of
HBoV1 are unknown and, to date, HBoV1 has been cultured
only in pseudo-stratified human airway epithelium cell cul-
ture system (Dijkman et al, 2009). Using similar methods of
random amplification, three additional human bocaviruses
were identified in faecal samples in 2009 and 2010 (Arthur
et al, 2009; Kapoor et al, 2009, 2010). These new HBoVs
were named HBoV2, HBoV3 and HBoV4. Of these HBoV2
seems to be the most prevalent and circulates globally
(Arthur et al, 2009; Kapoor et al, 2009, 2010; Chow et al,
2010; Kantola et al, 2010).

The seroprevalence of HBoV1 has been reported to be
more than 90% in adults. However, the HBoV1-4 viral-like
particles used in the enzyme-linked immunosorbent assay
(ELISA) have been shown to cross-react, which might affect
the serological assays. Norja et al (2012) detected an HBoV1
seroprevalence of 94-9%, but after removing cross-reacting
antibodies the rate was 68-4%. Similar results were obtained
by Kantola et al (2011), who observed that adult HBoV1
seroprevalence decreased, from 96 to 59%, after removing
the cross-reacting antibodies. The Kantola study reported
HBoV2-4 seroprevalences among adults of 34% for HBoV2,
15% for HBoV3, and 2% for HBoV4 (Kantola et al, 2011).
As far as we are aware, human bocavirus DNA has not been
detected in blood donations.

Parvovirus 4

PARV4 was identified in 2005 in a HBV-positive intravenous
drug abuser with various viral infection-related symptoms by
similar methods to the HBoVs (Jones et al, 2005). During
the following year, a related virus variant (PARV5) was iden-
tified in plasma pools used in the manufacture of plasma-
derived medicinal products (Fryer et al, 2006). Subsequently,
the name PARV5 was changed to PARV4 genotype 2 (Fryer
et al, 2007a). In 2008, a third genotype of PARV4 was identi-
fied in HIV-infected African patients (Simmonds et al,
2008). DNAs for PARV4 genotype-1 and -2 have been found
in bone marrow, lymphoid tissue, and liver of subjects with
a history of intravenous drug use, or HIV, or HCV infection
(Manning et al, 2007; Simmonds et al, 2007; Longhi et al,
2007; Schneider et al, 2008a). In addition, several studies
described PARV4 DNA in donor blood samples and coagula-
tion factor concentrates (Fryer et al, 2006, 2007a,b; Lurcharc-
haiwong et al, 2008; Schneider et al, 2008b). Initially the
parenteral transmission route was proposed for PARV4, but
the genotype 3 of PARV4 has also been found in subjects
without a risk of parenteral exposure (Simmonds et al, 2008;
Panning et al, 2010).

Porcine parvovirus

Porcine parvovirus (PPV1) was first isolated in Germany
and the USA in 1965 and today it is found worldwide
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(Csagola et al, 2012). PPV1 belongs to the genus Parvovirus.
PPV1 is transmitted oronasally among seronegative dams
(female parents) and the virus is then further transmitted
through the placenta to fetus, causing reproductive failure.
During the last decade, several new parvoviruses have been
identified in pigs, including porcine hokovirus (PHoV/
PPV3), which is related to PARV4 (Csagola et al, 2012).

Human diseases caused by parvoviruses

Until the discovery of HBoVs and PARV4, human B19 was
considered to be the only pathogenic parvovirus to humans.
The adeno-associate viruses of Dependovirus genus are
non-pathogenic and are studied as vectors for gene-therapy.
Although BI19 is associated with various clinical manifesta-
tions, subclinical infection is a common finding among both
children and adults. In healthy, immunocompetent subjects,
B19 infection is usually mild and transient, requiring no
treatment.

The most common B19 manifestation among children is a
rash causing the disease Erythema infectiosum (EI), fifth dis-
ease or ‘slapped cheek’, and arthritis among adults (Ander-
son et al, 1984). In EI, the rash typically appears first on the
cheeks, spreading to the neck, trunk, and limbs. In addition,
the patient may have headache, fever, nausea, and diarrhoea.
Among adults, arthritis can be the only manifestation of B19
infection, affecting 45-80% of infected subjects (Anderson
et al, 1985; Reid et al, 1985; White et al, 1985). Joint symp-
toms are symmetrical and affect fingers, wrists, ankles, and
knees. Arthritis is usually transient but in some cases it may
be prolonged and fulfill the criteria of rheumatoid arthritis
(Naides et al, 1990).

Women without B19-specific antibodies are at risk of
primary B19 infection and trans-placental transmission.
During maternal infection, the risk of vertical transmission is
approximately 30% (Brown, 2010). Intrauterine B19 infection
has been associated with fetal anaemia, hydrops, miscarriage,
and fetal death (Enders et al, 2006, 2008).

In subjects with shortened red-cell survival, such as sickle
cell disease, B19-infection may lead to aplastic crisis (Pattison
et al, 1981). Among immunosuppressed subjects with
decreased ability to produce antibodies, including patients
with leukaemia or lymphoma (Kurtzman et al, 1988, 1989)
or in the HIV/HCV-infected, the B19 infection may become
persistent causing chronic anaemia.

Following the HBoV1 discovery, a large number of studies
of the prevalence of HBoV1 have been undertaken in respira-
tory secretions of young children. According to recent stud-
ies, primary infections of HBoV1 are significantly associated
with respiratory illnesses, including wheezing, pneumonia,
and otitis media (Soderlund-Venermo et al, 2009; Don et al,
2010; Meriluoto et al, 2012). HBoV1 has also been detected
in faeces from children with symptoms of gastroenteritis.
However, the significance of HBoV1 as an enteric virus is
questionable, because in many subjects another enteric virus
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was detected simultaneously with HBoVI1, and there is a
lack of evidence of replication of HBoV1 in the enteric
tract (Albuquerque et al, 2007; Yu et al, 2008, Szomor et al,
2009). HBoV2 instead may cause gastroenteritis in young
children (Kapoor et al, 2009; Chow et al, 2010; Kantola et al,
2010).

So far, no disease associations have been confirmed for
PARV4 (Lahtinen ef al, 2011). The virus has been linked to
encephalitis (Benjamin et al, 2011), and detected in the
blood of three mothers bearing newborns with hydrops
(Chen et al, 2011). Among patients with haemopbhilia, clini-
cal presentations concurrent with PARV4 seroconversion
were rash and unexplained hepatitis (Sharp et al, 2012). The
individual in whom PARV4 was first identified presented
with fatigue, vomiting, arthralgia, neck stiffness, night sweats,
and diarrhoea, but this patient was lost to follow up, and it
is not known if the described symptoms were associated with
the PARV4 infection (Jones et al, 2005).

There are no antiviral drugs or vaccines against human
parvovirus infection. However, among immunocompetent
patients, treatment is unnecessary and infections are self
cleared. Immunodeficient patients with chronic B19 infec-
tion, and patients with transient aplastic anaemia and BI9,
can be managed with intravenous immunoglobulin or eryth-
rocyte transfusions (Frickhofen et al, 1990; Koduri et al,
1999).

Parvoviruses in blood products

Parvovirus B19

The B19 titre in blood is at its highest, up to 10" genome
equivalents/ml blood, during the first days of acute infec-
tion. Infected subjects are usually asymptomatic when the
viral titres are at their highest. This creates a risk of con-
taminating blood products by blood donors with asymp-
tomatic B19 infection. Siegl and Cassinotti (1998) reported
B19 DNA in 50-80% and in 30-50% of non-virally inacti-
vated VIII concentrates and S/D-inactivated coagulation
factor IX (FIX) concentrates, respectively. A more recent
German study detected B19 DNA in 26% of coagulation
factor concentrates of different types, collected between 2007
and 2008 (Modrow et al, 2011). The highest viral loads were
observed in the intermediate purity FVIII VWF concen-
trates. Because of its small and non-enveloped structure,
B19 is relatively resistant to most viral inactivation proce-
dures used in the manufacturing of medical blood-derived
products (Willkommen et al, 1999; Koenigbauer et al, 2000;
Schmidt et al, 2001) and B19 is only partially removable
with small pore size nanofiltration (Burnouf-Radosevich
et al, 1994).

In Europe, in an attempt to reduce the risk of B19 trans-
mission by blood products, the blood derived products man-
ufactured after 2004 are not allowed to contain B19 DNA of
more than 10* iu/ml, and nucleic acid testing for B19 is
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obligatory for S/D-treated human plasma products
(European Pharmacopoeia Commission, Council of Europe
European Directorate for the Quality of Medicines, 2011).
Similar instructions are given by United States Food and
Drug Administration (http://www.fda.gov/BiologicsBloodVac
cines/GuidanceComplianceRegulatoryInformation/Guidances/
default.htm). B19 DNA concentrations below the 10* iu/ml
limit are not considered to lead to seroconversion (Brown
et al, 2001). However, Soucie et al (2011) reported 1-7 times
higher B19 IgG seroconversion rates among children who
received plasma-derived factor concentrates screened for B19
levels than among children receiving recombinant products.
The infectivity of B19 in the blood products is affected by
both the level B19-specific IgG in the products and the
immune status of the recipient.

In order to quantify the B19 positive units, the quanti-
tative DNA amplification method is used, and primers
designed to detect all three genotypes are required. Many
in-house PCR methods and one commercial PCR method,
designed before the identification of BI19 genotypes, are
prone to miss B19 genotypes 2 and 3 (Hokynar et al,
2004; Baylis et al, 2004; Koppelman et al, 2004, 2007).
Consequently, some plasma pools have remained
contaminated with an excessive level of B19. All three
genotypes of B19 have been reported in clotting factor
concentrates, however, with a reduced frequency for geno-
types 2 and 3 (Schneider et al, 2004; Modrow et al, 2011).
To obtain an accurate diagnosis and safety of blood prod-
ucts, methods with capability to detect all B19 genotypes
should be used. A reference panel for B19 DNA genotypes
by the World Health Organization Expert Committee on
Biological Standardization (ECBS) was established at the
end of 2009, and it is available for validation of B19 PCR-
based detection assays for all three genotypes (Baylis et al,
2012). Furthermore, the most recent study of B19 levels in
plasma donations described a commercial method for
simultaneous B19 and HAV screening (Koppelman et al,
2012).

Human bocaviruses

Three studies have analysed whether HBoV1 occurs in
blood donor plasma and plasma-derived coagulation factor
concentrates (Fryer et al, 2007b; Eis-Hubinger et al, 2010;
Modrow et al, 2011). None of the studies reported
positive cases of HBoVI1. The absence of detectable
HBoV1 DNA in blood or plasma donors, however, may
be due to the fact that HBoV1 infections are most com-
mon among young children (Soderlund-Venermo et al,
2009; Meriluoto et al, 2012) and less frequent among the
blood donor population. Negative results could also be
explained by low HBoV1 titres in donors, as possible low-
level viraemia could remain undetectable in manufactured
plasma pools containing hundreds or thousands of dona-
tions.
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PARV4 DNA in blood-derived medical products

The first study of PARV4 in blood products was published
soon after the virus was discovered and reported PARV4
DNA with prevalence of 5-1% in manufacturing plasma
pools (Fryer et al, 2006). In this study both PARV4 geno-
type 1 and 2 DNAs were amplified, and the virus titres ran-
ged between < 500 copies to 10° copies/ml. A year later, the
same authors reported PARV4 genotype 1 and 2 DNAs in
4% of recently sourced plasma pools collected in Europe
and the USA, in 21% of the older plasma pools collected
between 1990 and 1993, in 2% of the blood collected from
healthy blood donors and in 6% of febrile patients (Fryer
et al, 2007b). Schneider et al (2008a) reported PARV4 in
1-33% of randomly selected plasma-derived concentrate
pools. The higher frequency of the PARV4 was detected in
the older concentrates manufactured 10 years earlier, but smal-
ler amounts of PARV4 were also detectable in the currently
used concentrates. Recently, a study from China reported
PARV4 DNA in the blood of 16-22% healthy subjects, in
33% of HBV-infected subjects and in 41% of HCV-infected
subjects (Yu et al, 2012). In addition, PARV4 DNA has
been detected in 26% of blood donor plasma pools col-
lected between 2007 and 2010 in China (Ma et al, 2012).
Table II summarizes PARV4 DNA detected in plasma- and
blood-derived medical products. Even if the disease associa-
tions of PARV4 are not currently known, the prevalences of
PARVY4, especially those detected most recently in France
and China, raise a question of whether blood donor
minipools should be tested by screening for PARV4 DNA
similar to B19.

In contrast to the studies described in Table II, three
studies performed in France and Germany analysed high
numbers of blood donor plasma donations, minipools or
coagulation factor concentrates and failed to detect any

Table II. PARV4 DNA findings in blood donor samples and coagu-
lation factor concentrates.

PARV4 DNA
References Blood product prevalence (%)
Fryer et al (2006) Plasma pools 5-1
Fryer et al (2007a,b) Plasma pools, 87
individual plasma 4
Fryer et al (2007¢) FVIII concentrates 16
Lurcharchaiwong Blood donor sera 3.95

et al (2008)
Schneider et al (2008b)  Coagulation FFII, FVIII, 21

FIX, activated

prothrombin

complex

concentrates
Vallerini et al (2008) Blood donor sera 1
Touinssi et al (2010) Blood donor plasma 24-6
Ma et al (2012) Plasma pools 26
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PARV4 DNA positive samples (Servant-Delmas et al, 2009;
Eis-Hubinger et al, 2010; Modrow et al, 2011). Whether
these negative results are due to seasonal or geographical
reasons need further studies. The unanswered question also
is, whether the higher frequency of PARV4 in older blood
products (Fryer et al, 2007a,b; Schneider et al, 2008b) repre-
sents a timely population-based hazard or whether the
manufacturing processes, i.e., nanofiltration, have improved
the elimination of the viruses more comprehensively. On the
other hand, demonstration of virus genome in plasma-
derived products does not translate to infectivity.

PARV4 and haemophilia

In a study of 35 persons with haemophilia from the UK and
USA receiving replacement therapy, 15/35 (43%) were posi-
tive for the PARV4 IgG whereas only 1/35 (3%) of untreated
family members were positive (Sharp et al, 2009). The con-
centrates involved in treatment were non-virally inactivated
clotting factors issued from the late 1970s to the early 1980s.
The methods of detection were serological, ELISA-type
assays, detecting both anti-PARV4 IgG and IgM, developed
by the group of Simmonds.

In a 5-year follow-up of a cohort of 194 haemophilia
patients who were born between 1972 and 1982, 1-7% of
patients/year seroconverted for PARV4 (Sharp et al, 2012).
They were followed between 1989 and 1994 by 6 monthly
blood sampling. At cohort enrolment, almost all patients
were HCV-positive and 43% of patients were PARV4 IgG-
positive. Among PARV4 seropositive subjects, 46% were
HIV-positive and 38% HIV-negative, thus PARV4 exposure
did not significantly associate with HIV infection. The active
disease forms related to PARV4 detection were rash and
exacerbation of hepatitis. PARV4 IgM became positive dur-
ing acute infections. The concentrates involved were plasma-
derived and had undergone S/D treatment and dry or wet
heating processes. Overall, the seroprevalence and the risk of
seroconversion are significantly higher in patients having
replacement therapy than the background population or
sibling controls.

Transmission of porcine parvovirus by the old
Hyate C porcine concentrate

A serious complication of therapy of persons with haemo-
philia is the development of antibodies (inhibitors) against
the clotting factor, which renders the concentrates ineffective
in controlling bleeding. Porcine FVIII concentrate, Hyate C,
has been used as a treatment of patients with congenital hae-
mophilia and inhibitory antibodies. Hyate C was developed
in 1980 and was manufactured by Ipsen Ltd (Slough, UK)
from pig plasma. During the manufacturing process Hyate C
underwent a number of purification steps, and cell culture
was used to confirm the absence of viruses but, in contrast
to human coagulation factor concentrates, it did not undergo
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viral inactivation. In 1996, PPV1 was found in several Hyate
C products and its supply was suspended. The knowledge
that many recipients of Hyate C were already infected by
HIV and were immunosuppressed led to concerns that PPV1
could in some cases infect humans. Soucie et al (2000)
detected PPV1 DNA in 95% of porcine FVIII concentrates
and confirmed that PPV1 is a common, low level contami-
nant in Hyate C. However, none of the 98 recipients of
Hyate C tested positive for PPV1 antibodies. Most pigs natu-
rally have antibodies to PPV1, but there is no evidence of
transmission to humans from physical contact between pigs
and humans. In addition to PPV1, porcine hokovirus, closely
related to PARV4, has recently been found in porcine plasma
and FVIII preparations (Szelei et al, 2010). The theoretical
risk that porcine parvoviruses could infect humans remains a
concern, but, if employed, PCR screening and discarding the
porcine parvovirus DNA positive samples could eliminate the
risk of transmission. Porcine plasma-derived FVIII concen-
trates are no longer available and to our knowledge are not
being developed but a recombinant porcine FVIII concen-
trate has recently started clinical trials.

Implications

New viruses and other disease-inducing agents will always
continue to evolve. In the first 10 months of 2010 there
were 2350 reports of outbreaks of infectious diseases in
humans, plants and animals (www.promedmail.org). It must
be appreciated that the identification of new infections
internationally is the norm rather than the exception. The
studies of PARV4 and haemophilia have shown that the
virus can be transmitted via blood donations and plasma
products, at least when the viral inactivation steps include
the methods of S/D and heating. We do not know the
infectivity frequency following nanofiltration, but it may
eliminate the majority of the viral load (Schneider et al,
2008b). To date, the parvoviruses have not been proven to
cause significant chronic pathogenesis in patients with a
healthy immunological system. However, in patients already
infected with HIV or otherwise immunocompromised, B19
has pathogenic consequences. Overall, the current data
imply that viruses are able to escape the current plasma
fractionation and purification steps.

For infections that are potentially transmissible by clotting
factor concentrates, blood donors should be screened sero-
logically and mini-pools of plasma should be genotyped with
the virus load measured with PCR (EMA, 2010). The safety
of the plasma-derived concentrates demands continuous
watchful strategies and surveillance. The regulatory studies
required for registration occur early in the introduction of
the products onto the market and are not optimal at detect-
ing infection transmission by agents other than hepatitis
A/B/C, HIV and Parvovirus where acute seroconversion
detection is possible. Continuous vigilance by the haemo-
philia community is required to identify infective problems

© 2012 Blackwell Publishing Ltd
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early. Adverse event reporting studies, such as the European
(EUHASS)
national spontaneous reporting schemes have the potential to

Haemophilia Safety Surveillance

identify problems, but alertness to new or unusual problems
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